Abstract
INTRODUCTION
Wilson's disease is an autosomal recessive disease with impairment of hepatic excretion of copper, leading to excessive copper accumulation in various organs and tissues [1] . There is a wide spectrum of clinical manifestations including hepatic, neurological, psychiatric and ophthalmological involvements. Never theless, some patients may be asymptomatic, and mutational analysis may be needed for a definitive diagnosis [2] . Untreated patients with hepatic involvement carry significant morbidities including cirrhosis and hepatocellular carcinoma (HCC) [35] . Therapies which either chelate the copper (Dpenicillamine and trientine) or inhibit its absorption (zinc) are proven to be effective in controlling the disease [6] . There are a few populationbased studies on the epidemiology of Wilson's disease in the western population, but the majority were performed before the 1990s. The incidence rate ranges from 17 to 29 per million personyears [710] , while the prevalence is reported to be 1530 cases per million population [1, 11, 12] . Recently, a genetic study of Wilson's disease concluded that prevalence of Wilson's disease may actually be even higher (1 in 72016) [13] . Studies are even more scarce in Asia, except for one populationbased study in Taiwan reporting a low incidence (average annual incidence rate of 2.7 per million personyears) and prevalence (ranging from 8.4 to 16.0 per million) of Wilson's disease between 2000 and 2005 [14] . However, the study observation period was short, and prognostic risk factors were not determined.
The longterm outcomes of patients with Wilson's disease are reported in the western population but not in the Asians [3, 4] . However, these are retrospective studies and not populationbased. In addition, the effect of concomitant chronic viral hepatitis B or C infection on the outcomes of patients with Wilson's disease has not been examined. This is an important factor since around 248 million and 150 million people worldwide have chronic hepatitis B (CHB) and C (CHC) infection, respectively [15, 16] While metabolic risk factors (diabetes mellitus, obesity, hypertension as well as metabolic syndrome) predispose CHB and CHC patients to an increased risk of fibrosis/cirrhosis as well as HCC [17, 18] , whether it will lead to a poorer prognosis in patients with Wilson's disease remains unknown.
Therefore, there is an unmet need for an update of the epidemiology of Wilson's disease as well as more comprehensive identification of risk factors for adverse outcomes in the Asians. This will shed light on the better management of affected patients.
The aims of the present study were to determine the epidemiology and the natural history of Wilson' s disease in the Chinese population in Hong Kong. In addition, risk factors for liver transplantation requirement and mortality were determined.
MATERIALS AND METHODS

Source of data
We retrieved data from the Clinical Data Analysis and Reporting System (CDARS), an electronic database managed by the Hong Kong Hospital Authority, which is the sole provider of public healthcare services in Hong Kong with about 90% of the healthcare services being covered [19, 20] . Important clinical information are all available in the CDRS, which includes patient demographics, death, diagnoses, admissions, clinic visits, procedures, laboratory results, medication prescription and dispensing history [21] . There has been an increasing number of territorybased studies performed using this electronic database [2227] , with high accuracies of the coding system demonstrated [24, 28] . All patients were anonymized in the CDARS, with a unique reference key assigned to each individual. Ethics approval was issued by the Institutional Review Board, The University of Hong Kong and West Cluster of Hospital Authority, Hong Kong.
Study subjects
The study period commenced from 2000 and ended in 2016. Cases of Wilson's disease from 1999 to 2016 were recognized from the CDARS by using the International Classification of Diseases (ICD)-9 code of 275.1.
Demographics (age, sex, nationality, diagnosis date and death) were retrieved. In addition, information on all diagnoses (including various adverse events and comorbidities) of patients were available for data retrieval.
The incidence rate as well as prevalence of Wilsons's disease were calculated. Adverse liver events (cirrhosis, hepatic complications, HCC and liver transplantation), nonliver outcomes, and mortality were also studied. Risk factors (including concomitant chronic viral hepa titis and metabolic factors) associated with overall and transplantfree survival were determined.
Cases with cirrhosis were identified by the ICD9 code of 571.5 and the presence of portal hypertension, splenomegaly or cirrhotic complications. Cirrhotic complications were defined with the existence of at least one of the following: ascites, spontaneous bacterial peritonitis, gastroesophageal varices, he patic encephalopathy, or hepatorenal syndrome. Chronic viral hepatitis referred to either CHB or CHC infection. Metabolic factors included diabetes mellitus, hypertension, dyslipidemia, obesity and alcoholism. Obesity was diagnosed with a body mass index of 25 kg/m 2 or more in the Asian population [29] . Dyslipidemias are defined as disorders of lipoprotein metabolism with high levels of triglycerides, lowdensity or non highdensity lipoprotein cholesterol, or low level of highdensity lipoprotein cholesterol. The cutoff value depends on the individual patient's cardiovascular risk profile [30] . Smoking status was not usually entered into the electronic database system. Table 1 illustrates the identification of outcomes and covariates.
Validation of data
Diagnosis coding accuracy of the CDARS data was validated by reviewing the eletronic medical records of patients from our center, Queen Mary Hospital. Queen Mary Hospital is a hospital which provides tertiary healthcare services including liver transplantation in Hong Kong. Table 3 shows the different medications used in the patients with neurological and/or psychiatric involvement, including antiparkinson agents, anti convulsants, benzodiazepines, propranolol, baclofen, tetrabenazine, antidepressants, antipsychotics and lithium.
Statistical analysis
When patients were divided into three age strata (< 20, 20 39.9, ≥ 40 years), HCC and mortality were significantly higher in older age groups, while there were no significant differences for other hepatic, neurological or psychiatric manifestations (Table 4) .
Incidence rate and prevalence
Between 2000 and 2016, the average annual incidence associated with adverse events were identified by Cox proportional hazards model. The adverse events were analysed by KaplanMeier method with statistical significance determined by log-rank test. A two-tailed p value < 0.05 was regarded as statistically significant.
RESULTS
Patient characteristics
Two hundred and eleven patients with Wilson's disease were identified. Patient demographics are shown in Table 2 . Male sex accounted for 49.3% of the cases Wilson's disease was more commonly diagnosed in the younger age groups, with the incidence rate peaking in the 15 to 19year age group (Table 6 ). For patients aged less than 25 years, the average annual incidence rate ranged from 2.02 to 3.06 per million personyears. For those aged between 25 and 44 years, the average annual incidence rate ranged from 1.71 to 1.97 per million personyears. Patients were less likely to have disease onset at 45 years or older (age group 4549: 0.86 per million personyears; age group ≥ 50: 0.29 per million personyears).
Adverse events
Among the 176 patients with hepatic involvement, 38 had cirrhosis (21.6%). Nineteen patients (10.8%) had cirrhotic complications, with the two most common being the development of ascites (n = 10; 5.7%) and esophageal varices (n = 10; 5.7%). Around 20% of the cirrhotic cases were men ( Three cases were newly diagnosed with HCC (1.7% of cases with hepatic involvement), all of which developed in men (age at diagnosis ranged from 45.8 to 56.0 years). The 5year and 10year cumulative incidences of HCC were 1.3% (95%CI: 0%3.1%) and 2.3% (95%CI: 0%4.8%), respectively. The time from diagnosis of Wilson's disease to HCC development ranged from 1.7 to 8 years. All three patients had underlying cirrhosis, and one of them had concomitant CHB infection. None of them received liver transplantation, and two died at the age of 47.2 and 56.8 years.
Liver transplantations were performed in 24 patients (11.3% of all cases; 13.6% of cases with hepatic involvement) 14 for cirrhosis and 10 for acute liver failure. Twelve out of 104 were men (11.1%) Figure 1A) . By univariate analysis, older age at diagnosis, cirrhosis, HCC , concomitant chronic viral hepatitis and metabolic factors were significant risk factors. By multivariate analysis, cirrhosis (HR 21.75; 95% CI 5.62 to 84.18) was the only independent risk factor, while concomitant chronic viral hepatitis was of borderline significance (HR 7.04; 95% CI 0.94 to 52.81)( Table 7) . Figure 2A illustrates the comparison of overall survival of patients according to their baseline cirrhosis. Patients without cirrhosis had a significantly higher rate of overall survival (logrank p < 0.001), with the 5year and 10year rates of overall survival being 96.5% (95%CI: 93.2%99.9%) and 95.3% (95%CI: 91.4%99.5%), respectively. For patients with cirrhosis, the 5year and 10year rates of overall survival were 66.9% (95%CI: 48.3%92.7%) and 51.0% (95%CI: 30.9%84.1%), respectively. Figure  2B illustrates the comparison of overall survival of patients according to the presence of chronic viral hepatitis. Patients without chronic viral hepatitis had a significantly higher rate of overall survival (log-rank p = 0.021), with the 5year and 10year rates of overall survival being 93.1% (95%CI: 88.9%97.6%) and 90.9% (95%CI: 85.8%96.3%), respectively. For patients with chronic viral hepatitis, the 5year and 10year rates of overall survival were 80.0% (95%CI: 51.6%100%) and 60.0% (95%CI: 29.3%100%), respectively.
The 5year and 10year rates of transplantfree survival were 91.8% (95%CI: 87.3%96.6%) and 87.4% (95%CI: 81.5%93.8%), respectively ( Figure  1B) . By univariate analysis, older age at diagnosis, cirrhosis, HCC, concomitant chronic viral hepatitis and (Table 7) . Figure 3A illustrates the transplantfree survival of patients with and without baseline cirrhosis. Pati ents without cirrhosis had a significantly higher rate of transplantfree survival (logrank p < 0.001), with the 5year and 10year rates of transplantfree survival being 96.5% (95%CI: 93.2%99.9%) and 95.3% (95%CI: 91.4%99.5%), respectively. For patients with cirrhosis, the 5year and 10year rates of transplantfree survival were 61.2% (95%CI: 42.3%88.7%) and 33.5% (95%CI: 14.9%75.2%), respectively. Figure 3B illustrates the transplantfree 
DISCUSSION
Currently, populationbased studies on the epide miology as well as the natural history of Wilson's disease are lacking in both the western and Asian populations, and the majority of them were done before the 1990s. The present territorybased study was the first to describe both the epidemiology and natural history of Wilson's disease over a long period of time (a span of 17 years from 2000 to 2016) in the Chinese. The populationbased nature of this study, in which the data were retrieved via electronic search of hospital medical registry, enables complete capture of all cases under the care of our public health system. This helps to minimize selection bias inherent in studies conducted in tertiary referral centers or selected hospitals. Cases were identified by ICD-9 coding, with local studies showing high coding accuracies [24, 28] . We also confirmed a PPV of 96.3% for the coding accuracy of Wilson's disease in the CDARS.
The incidence rate and prevalence of Wilson' s disease were estimated to be 17 to 29 per million personyears [8, 9] and 30 per million, respectively [1, 11] In comparison, the estimates from our study were lower, with an average annual incidence rate of 1.44 Chronic viral hepatitis was defined as the presence of either chronic hepatitis B or C infection;
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Metabolic factors were defined as the presence of one of the following: diabetes mellitus, hypertension, dyslipidemia, obesity or alcoholism. Significant risk factors were bolded.
per million personyears, and an average annual prevalence of 17.93 per million. These estimates were in line with what were reported in Taiwan between 2000 and 2005 (an average annual incidence rate of 2.7 per million personyears and a prevalence ranging from 8.4 to 16.0 per million). The lower incidence rate may be partly due to under diagnosis. However, whether Wilson's disease is genuinely less common in Asia requires confirmation from more population based studies. From the present study, the annual incidence rate of Wilson's disease in Hong Kong had been decreasing, from 1.65 to 1.23 per million personyears between 2000 and 2016. This is likely attributed to the ageing population. As shown in Table 4 , the incidence rate of Wilson's disease peaked in the 15 to 19year age group (3.06 per million personyears), while it was extremely low among individuals aged 45 or more. Between 2000 and 2016, population aged less than 20 has decreased from 1.59 million to 1.17 million, while the population aged 50 or more has increased from 1.63 million to 2.92 million in Hong Kong [31] . On the other hand, the prevalence of Wilson's disease has been increasing, from 7.80 to 24.49 per million. This is likely related to the availability of effective treatment. It has been shown that treatment is associated with hepatic and neurological improvements in 82%90% and 55%69% of patients, respectively [4, 6] . In the current study, the median age at diagnosis was 27.2 years, with the highest incidence rate observed in the 15 to 19year age group. The proportions of cases in different age strata in our study [ [14] . Men and women were equally affected as shown in our study and also previous studies [3, 4, 14, 32] . The proportion of patients with neurological and/or psychiatric involvement was relatively low in our study (n = 49, 23.2%), although some studies also reported a similar rate of 24%27% [3, 33] . As for our center, 25 out of 77 patients (32.5%) had neurological and/or psychiatric involvement. This slightly higher proportion of neurological/psychiatric involvement is likely to be explained by the fact that our center is a tertiary referral hospital and is the only center which provides liver transplantation services in our locality.
However, a significant proportion of patients with hepatic involvement still had liverrelated complications, with 21.6% having cirrhosis, 10.8% having cirrhotic complications, 1.7% developing HCC, and 13.6% undergoing liver transplantations. Around 12% of the total cases died during the observation period, with the 5year and 10year rates of overall survival being 92.6% and 89.5%, respectively.
Factors that could modify the transplantfree survival included the presence of cirrhosis (HR = 32.16) and concomitant chronic viral hepatitis (HR = 9.97). This highlights the importance of early diagnosis and treatment in reducing the copper load in the body to prevent development of cirrhosis. Future prospective studies with larger sample size are required to ascertain whether early treatment to suppress hepatitis B virus replication and to cure hepatitis C virus infection will be useful in improving the prognosis of patients with concomitant chronic viral hepatitis. The presence of metabolic factors was shown to be associated with lower transplantfree survival by univariate but not multivariate analysis. There are two possible reasons. First, as metabolic factors are associated with increasing age and cirrhosis [17, 18, 34] , the potential risk of metabolic factors per se as shown by univariate analysis was attenuated after adjusting for the effect of age and cirrhosis in multivariate analysis. Second, the present study may be underpowered to detect this potential effect due to the relatively small sample size.
There are some limitations of the current study. First, a small proportion of healthcare services (around 10%) is not covered by the Hospital Authority [19] , and hence some patients attending private hospitals will not be captured in the CDARS. As such, the incidence rate and prevalence of Wilson's disease might be underestimated. Nevertheless, the majority of these patients are likely to be captured in the CDARS eventually, because of preference for long term followup in the public hospitals or having con sultation for other illnesses in our locality. Second, information regarding biochemical response to various treatment (Dpenicillamine, trientine and zinc) could not be retrieved. Third, whether Wilson's disease was diagnosed in accordance to the international guidelines (AALSD or EASL guidelines) could not be confirmed in other centers. However, this limitation was unlikely to have significant impact as it is the standard practice that all patients with suspected Wilson's disease in Hong Kong are referred to hepatologists.
As an example, all 77 cases who followed up in our center were diagnosed according to the international guidelines. Fourth, we could not ascertain whether these patients were index cases or were detected by family screening. As for our center, only 8 cases (11.9%) were diagnosed by family screening. In addition, diagnosis of Wilson's disease in patients with neurological symptoms is usually delayed for a longer time from onset than in patients with hepatic symptoms [35] . The incidence rate of Wilson's disease in our cohort should therefore be interpreted in this context. Lastly, some of the medications used to treat the neurological and/or psychiatric symptoms (e.g., anticonvulsants) could potentially lead to deranged liver function, which may be wrongly regarded as liver involvement due to Wilson's disease by simply referring to the ICD coding.
These limitations may be addressed by colla boration between all public and private hospitals in the future. In this way, an even more precise estimate of the epidemiology of Wilson's disease could be derived, and other potential risk factors for reduced transplant free survival (e.g., metabolic factors) could be further investigated.
In conclusion, the epidemiology of Wilson's disease was described in a well defined Chinese population, with identification of risk factors for overall and transplantfree survival. There was a significant increase in the prevalence of Wilson's disease in Hong Kong. Early diagnosis and treatment as well as control of concom itant chronic viral hepatitis to improve prognosis could potentially reduce the disease complications.
ARTICLE HIGHLIGHTS
Research background
There are few studies on the epidemiology and natural history of Wilson's disease in the Chinese population. The authors conducted a territory-based study in Hong Kong (HK) with a population of 7.3 million to address this issue.
Research motivation
Epidemiology data are important for recognizing the temporal trend of a particular disease, understanding the natural history and risk factors, as well as for resource allocation.
Research objectives
To investigate the epidemiology and natural history of Wilson's disease in the Chinese population. 
Research methods
Data
Research results
The authors identified 211 patients (male-to-female ratio 0.97:1; median age 27.2 years, IQR: 17.1-38.6 years; median follow-up 8.0 years, IQR: 5.0-14.0 years). The average annual incidence rate and prevalence were 1.44 per million person-years and 17.93 per million, respectively. Between 2000 and 2016, the annual incidence rate decreased from 1.65 to 1.23 per million personyears (Poisson p = 0.010), while the annual prevalence increased from 7.80 to 25.20 per million (Poisson p < 0.001). Among the 176 patients with hepatic involvement, 38 (21.6%) had cirrhosis, three (1.7%) developed hepatocellular carcinoma, 24 (13.6%) underwent liver transplantations, and 26 (14.8%) died. Seven patients had concomitant chronic viral hepatitis B or C. The 5-and 10-year overall survival rates were 92.6% and 89.5%, and for transplant-free survival rates 91.8% and 87.4%, respectively. Cirrhosis and possibly chronic viral hepatitis were associated with poorer overall survival.
Research conclusions
There was a considerable increase in the prevalence of Wilson's disease in the Chinese population. The long-term survival was good except in patients with cirrhosis or concomitant viral hepatitis.
Research perspectives
The epidemiology of Wilson's disease was described in a well defined Chinese population, and factors associated with overall survival and transplant-free survival were identified. Future collaboration with the hepatology units from all public and private hospitals is warranted to allow for an even more precise estimate of the epidemiology of Wilson's disease and to investigate other potential risk factors for reduced transplant-free survival (e.g., metabolic factors).
